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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a Rarrian amplifier whose Raman gain 

does not 

vary timewise and whose gain spectrum exhibits a satisfactory controllability. 

SOLUTION: Exciting light is generated by driving a laser diode 2a with a 
current wherein an alternating current is superimposed upon a direct current, 
and a multiplexer 3 causes the generated exciting light incident on an optical 
fiber 1 together with signal light to optically excite the fiber 1 , whereby the 
signal light is Raman-amplified. Thus, the oscillation wavelength spectrum of 
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the diode 2a is stabilized at multimode oscillation. Further, variations in 
Raman gain are suppressed by setting the frequency of the AC current to a value 
much higher than the frequency response cut-off frequency of the Raman gain, 
whereby the wavelength spectrum characteristics of the Raman gain can be 
stabilized. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an optic fiber communication system and an optical- 
signal-processing system. 
[0002] 

[Description of the Prior Art] The basic configuration of the Feiba Raman amplifier (henceforth, since it 
is easy, it is called the "Raman amplifier") concerning the conventional technique is shown in drawing 
13 . Said Raman amplifier consists of a wavelength multiplexing machine 3 which multiplexs the optical 
fiber 1, the laser diode (LD) excitation light source 2, and the signal light and excitation light as a gain 
medium, as shown in drawing 13 . Incidence of the excitation light from said laser diode excitation Ught 
source 2 is carried out to said optical fiber 1 from the back to the signal light propagation direction using 
said wavelength multiplexing machine 3. Similarly, incidence may be carried out from front. 
[0003] Said laser diode excitation light source 2 consists of (laser diode LD) 2a and DC-power-supply 
2b, and the constant current drive is carried out. Therefore, said optical fiber 1 is excited by fixed 
excitation light power. Said laser diode 2a is the high power laser diode of a FABURI ** low mold, and 
is carrying out multimode oscillation. The spectrum of the excitation light which carries out outgoing 
radiation from the Raman ampHfier of drawing 13 is shown in drawin g 14 . As a description of the 
Fabry-Perot mold laser diode, multimode oscillation as shown in drawing 14 (a), (b), and (c) is carried 
out, and wavelength spacing between the modes is usually about l-2nm. 

[0004] The spectrum configuration of this multimode oscillation changes sensitively by causes, such as 
temperature, a drive current, and an intemal light reflex, and generally, even if it carries out fixed 
control of temperature and the drive current, it shows time variation. An excitation light spectrum may 
constriction-ize like drawing 14 (c). Drawin gl4 (a), (b), and (c) show the situation of the spectrum time 
variation. The Raman gain over these excitation light spectrum is shown in drawing 15 to drawing 14 (c) 
at drawing 16 to drawing 14 (a) and (b). Said Raman gain is signal Mitsutoshi profit in an optical fiber. 
If the Raman gain has fixed excitation light power, generally a wavelength difference will become fixed 
to fixed signal light wave length. 

[0005] Therefore, the Raman gain spectrum to drawing 14 (a) and (b) shows time variation, as shown in 
drawing 15 (a) and (b). Moreover, generally as for the Raman gain spectrum to the excitation Hght 
spectrum of drawingJ4 (c), a ripple appears in the long wavelength region of gain for constriction-izing 
of an excitation Ught spectrum. As mentioned above, the conventional technique has the fault in which 
the Raman gain spectrum carries out time variation that the Raman gain spectrum is finely 
uncontrollable by said amount of spectrum fluctuation. 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the Raman amplifier 
which solved the fault of a Prior art mentioned above. 

[0007] 

[Means for Solving the Problem] The 1st basic configuration concerning the Raman amplifier of this 
invention is shown in drawing JL . Said Raman amplifier consists of the optical fiber 1 as a gain medium, 
the laser diode (LD) excitation light source 2, and a wavelength multiplexing machine 3 of signal light 
and excitation light. Incidence of the excitation light from said laser diode excitation light source 2 is 
carried out to said optical fiber 1 from the back to the signal light propagation direction using said 
wavelength multiplexing machine 3. Similarly, incidence may be carried out from front. 



[0008] Said laser diode excitation light source 2 consists of 2d (for example, bias tea) of current couplers 
of laser diode 2a, DC-power-supply 2b, and AC-power-supply 2c and a direct current, and alternating 
current. The waves of alternating current are a sine wave and a pulse. Said laser diode 2a is the high 
power laser diode of the Fabry-Perot mold, it is driving with the current superimposed on the alternating 
current by the direct current, and the time average value is a direct-current value. Corresponding to the 
time variation of the superimposed current, time variation of the excitation light power is carried out. 
The alternating current frequency of said alternating current is set as a frequency sufficiently higher than 
the response cut-off frequency (295 F.Forghieri et al Tech, Digest of Optical Fiber Communications 
Conference, FC6, pp.294- 1994) of the Raman gain. 

[0009] Therefore, the Raman gain carries out time variation and is fixed even if excitation light power is 
carrying out time variation. The frequency response characteristic of the Raman gain was shown in 
drawing 2 . The modulation frequency (relative value which set said response cut-off frequency to 1) of 
excitation light power, and the relation of the modulation component (relative value) of the Raman gain 
are shown. In drawing 2 , when the fluctuation frequency of excitation light power is sufficiently higher 
than said response cut-off frequency (a relative value is 100), the modulation component of the Raman 
gain is small enough (a relative value is 0.01). 

[0010] The time variation property of excitation light power and the Raman gain was shown in drawing 
3 . In this drawing, the fluctuation period (fl) of excitation light power which a thin line shows is 1/5 of 
the fluctuation period (ID) of excitation light power which a thick wire shows, and fD has a value near 
[ said ] the response cut-off frequency. The range of fluctuation of the Raman gain which a thin line 
shows has become about [ of the range of fluctuation of the Raman gain which a thick wire shows ] 1/5. 
In the case of Raman amplifier of an intensive magnification mold, in the case of Raman amplifier of 
about 1km and a distribution magnification mold, the die length of said optical fiber 1 is about 10km to 
about 100km from about 100m. The response cut-off frequency of the Raman gain is about IkHz to 
about lOOkHz. 

[001 1] The 2nd basic configuration of the Raman amplifier of this invention is shown in drawi ng 6 . 
Said Raman amphfier consists of a polarization multiplexing machine 6 which multiplexs the excitation 
Ught from the laser diode (LD) excitation light sources 4 and 5 of 1 or 2 optical fibers as a gain medium, 
and the two excitation light sources 4 and 5 of those in a polarization field, and a wavelength 
multiplexing machine 3 of signal Ught and excitation light. Incidence of the excitation light from said 
excitation Ught sources 4 and 5 is carried out to said optical fiber 1 from hard flow to the signal light 
propagation direction using said wavelength multiplexing machine 3. Similarly, incidence may be 
carried out from front. Said each laser diode excitation light source 4 and 5 consists of (laser diode LD) 
4a, 5a, DC power supplies 4b and 5b, AC power supply 4c and 5c, and current couplers 4d and 5d (for 
example, bias tea) of a direct current and alternating current. The waves of alternating current are a sine 
wave and a pulse. 

[0012] Said laser diodes 4a and 5 a are high power laser diodes of the Fabry-Perot mold, it is driving 
with the current superimposed on the alternating current by the direct current, and the time average 
value is a direct-current value. The phase of the altemating current of the laser diode excitation light 
source 4 and the laser diode excitation light source 5 is shifted 180 degrees using the phase adjuster 7 
(the so-called opposition). Corresponding to the time variation of each superimposed current, time 
variation of the excitation light power from the laser diode excitation light source 4 and the laser diode 
excitation Ught source 5 is carried out, and the phase is shifted 180 degrees. 

[0013] Therefore, the comprehensive power of two excitation light is not dependent on time amount, 
and is fixed. The time dependency of the drive current of the laser diode excitation light source 4 and the 
laser diode excitation light source 5 and the time dependency of the excitation light power of the laser 
diode excitation light source 4 and the laser diode excitation light source 5 and comprehensive power 
were shown in drawing 7 . When the 1st basic configuration and the 2nd basic configuration concerning 
the Raman amplifier of above-mentioned this invention are compared, there are the following 
descriptions. 

[0014] Although the 2nd basic configuration can be restricted when the excitation light source is two or 
more pieces, and it can constitute, there is no limit about the frequency and amplitude of altemating 
current for stabilizing an excitation Ught spectrum in the many modes. On the other hand, the 1st basic 
configuration has constraint of setting up the frequency of altemating current sufficiently more greatly 
than the response cut-off frequency of said Raman gain, although the excitation light source can be 
realized by one piece. The spectrum of the excitation light which carries out outgoing radiation from 



drawing 1 and the Raman amplifier of drawing 6 is shown in drawing 4 . 

[0015] The alternating current on which it was superimposed shows the spectrum stabilized in the many 
modes, and wavelength spacing between the modes is usually about l-2nm. Generally, if fixed control 
of temperature and the drive current is carried out, the spectrum configuration of this multimode 
oscillation is stable, and does not show time variation. Moreover, an excitation light spectrum does not 
constriction-ize like drawing 14 (c) of the conventional technique. 

[0016] The Raman gain spectrum to the excitation light spectrum of drawing 4 is shown in drawin g 5 . 
The Raman gain spectrum without time variation and a gain spectrum ripple is obtained. Moreover, 
when changing the temperature or the drive current of said laser diode, the spectrum configuration of 
said excitation light remains as it is, and a wavelength center of gravity shifts it. Therefore, the 
wavelength region of the Raman gain can be finely changed by changing temperature or a drive current. 
As mentioned above, by this invention, there is no time variation of the Raman gain and the Raman 
amphfier with the sufficient controllability of a gain spectrum is obtained. 
[0017] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained with reference to a 
drawing. 

The [1st example] Drawing 8 shows the 1st example of this invention appUed to the optic fiber 
communication system. It is the case of the distribution magnification which used the transmission fiber 
101 as a gain medium of the Raman magnification. Said transmission fiber 101 is a 80km distributed 
shift fiber. The main wavelength of 1.48 micrometers and signal light of the main wavelength of 
excitation light is 1.57 micrometers. 

[0018] The two excitation light sources 104,105 are used and each excitation light source 104,105 has 
the laser diode, respectively. Since it has the same configuration, and it is easy, the two excitation light 
sources 104,105 are omitting the intemal configuration of one excitation hght source 105 in drawing 8 , 
It is multiplexed in the excitation light of the single polarization which carried out outgoing radiation 
using the polarization multiplexing machine 106 from the excitation light source 104,105, and is 
multiplexed with signal light in the excitation light by which polarization multiplexing was carried out 
using the wavelength multiplexing machine 103. 

[0019] In order to compensate the signal optical loss (about 20dB) of the transmission fiber 101, the 
erbium addition fiber amplifier (EDFA) 108 is installed in the latter part of said Raman amplifier. The 
gain of the erbium addition fiber amplifier 108 is about lOdB. A direct current in the excitation light 
source 104,105 is 500mA, and alternating current is 100mA. The modulation factor of a laser diode 
drive current is about 20%. 

[0020] The frequency of about lOkHz and alternating current of the frequency-response cut-off 
frequency of the Raman gain is about IMHz. The input excitation hght power of about 120mW and 
transmission fiber 101 HE of the outgoing radiation excitation hght power from the excitation hght 
source 104,105 is about 200m W, respectively. The Raman gain spectrum in this example is shown in 
drawing 9 . The main wavelength of optical reinforcement is 1 .48 micrometers, and half- value width is 
about lOnm. 

[0021] The Raman gain spectrum in this example is shown in drawing 10 . The center frequency of flat 
gain is about 1.57 micrometers, and a flat gain value is about lOdB. The time variation of the Raman 
gain is 0.1 dB or less. As mentioned above, since the excitation light spectrum is stable, the Raman gain 
spectrum is stable. Moreover, for example, the main wavelength of an excitation light spectrum can be 
finely changed by changing the temperature of a laser diode. For example, change of main wavelength is 
about 5nm to the temperature change of 10 degrees. 

[0022] The [2nd example] Drawing 1 1 shows the configuration of the 2nd example of this invention. It 
is the case of the intensive magnification which used Raman Feiba 201 as a gain medium of the Raman 
magnification. Said Raman Feiba 201 is a 8kHz high NA fiber. The main wavelength of 1 .43 
micrometers and signal light of the main wavelength of excitation light is L57 micrometers. The two 
excitation light sources 204,205 are used and each excitation light source 204,205 has the laser diode, 
respectively. 

[0023] Since it has the same configuration, and it is easy, each excitation light source 204,205 is 
omitting the intemal configuration of one excitation light source 205 in drawing 1 1 . It is multiplexed in 
the excitation light of the single polarization which carried out outgoing radiation using the polarization 
multiplexing machine 206 from the excitation hght source 204,205, and is multiplexed with signal light 
in the excitation light by which polarization multiplexing was carried out using the wavelength 



multiplexing machine 203. A direct current in the excitation light source 204,205 is SOOmA, and 
alternating current is lOOmA. 

[0024] The modulation factor of a laser diode drive current is about 20%. The frequency of about 
lOOkHz and altemating current of the frequency-response cut-off frequency of the Raman gain is about 
lOMHz. The input excitation Hght power of about 120mW and Raman Feiba 201 HE of the outgoing 
radiation excitation light power from the excitation light source 204,205 is about 200mW, respectively. 
The excitation light spectrum in this example is the same as that of drawing 9 . The main wavelength of 
optical reinforcement is 1.48 micrometers, and half- value width is about lOnm. The Raman gain 
spectrum in this example is the same as that of drawing 10 . The center frequency of flat gain is about 
1 .57 micrometers, and a flat gain value is about lOdB. The time variation of the Raman gain is O.ldB or 
less. 

[0025] The [3rd example] Drawing 12 shows the configuration of the 3rd example of this invention. It is 
the case of the intensive magnification which used Raman Feiba 301 as a gain medium of the Raman 
magnification. Said Raman Feiba 301 is a 8km high NA fiber. The main wavelength of 1.48 
micrometers and signal light of the main wavelength of excitation light is 1.57 micrometers. The two 
excitation Hght sources 304,305 are used and each excitation light source 304,305 has the laser diode, 
respectively. 

[0026] The altemating current of the excitation hght source 304,305 is driving laser diode by opposition 
with the phase adjuster 307. It is multiplexed in the excitation light of the single polarization which 
carried out outgoing radiation using the polarization multiplexing machine 306 from the excitation light 
source 304,305, and is muhiplexed with signal light in the excitation light by which polarization 
multiplexing was carried out using the wavelength multiplexing machine 303. A direct current in the 
excitation light source 304,305 is 500mA, and altemating current is 100mA. The modulation factor of a 
laser diode drive current is about 40%. 

[0027] Although an arbitration setup is possible for the frequency of altemating current, it is 50Hz, for 
example. The input excitation light power of about 120mW and Raman Feiba 301 HE of the outgoing 
radiation excitation Hght power from the excitation hght source 304,305 is about 200mW, respecfively. 
The Raman gain spectrum in this example is the same as that of drawing 9 . The main wavelength of 
optical reinforcement is 1.48 micrometers, and half-value width is about lOnm. The Raman gain 
spectmm in this example is the same as that of drawing 10 . The center frequency of flat gain is about 
1.57 micrometers, and a flat gain value is about l OdB. There is no time variation of the Raman gain 
theoretically. 
[0028] 

[Effect of the Invention] As mentioned above, as concretely explained based on the example, according 
to this invention, there is no time variation of the Raman gain and it is effective in the Raman amplifier 
with the sufficient controllability of a gain spectrum being obtained. 



[Translation done.] 



